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Corn (Zea mays L.) has been a large part of American agriculture dating back to 1000 BC 
when flint corn arrived from Mexico, followed by dent corn in 1500 AD. Over the years, the 
improvement in these cultivars with better breeding methods and genetics in combination with 
crop management factors has led to ever-greater corn yields. These crop management factors 
include: hybrid, planting population, nitrogen (N) fertility, additional nutrient fertility, and foliar 
protection; and used together can increase grain yield by more than 100 bushels/acre. Nitrogen has 
the largest impact on corn productivity and one of the biggest decisions farmers make every year 
is determining their N fertility program. For these reasons, the objective of this research was to 
determine how N management practices can be implemented to improve corn productivity, and 
the thesis focused on two research areas: 
 
Utilizing Sub-Surface Drip Irrigation to Supply In-Season N and its Effect on Corn Productivity 
 Nitrogen applied preplant helped to maximize the yield potential and increase kernel 
number by promoting a strong start to the growing season. Supplying N in-season through 
fertigation further increased corn productivity by promoting N accumulation and helped extend 
the growing season by maintaining leaf photosynthetic activity. The combination of preplant N 
and in-season N led to the greatest yields among the treatments by not only increasing kernel 
number, but also by producing heavier kernels as a result of limiting crop stress and supplying the 






Combining Hydra-Hume with Side-Dress N Applications to Improve N use and Productivity of 
Corn 
 Split applications of N, in addition to the different methods of split application (Y-drop or 
coulter) were compared to applying all the N fertilizer preplant to determine which method or 
timing had the greatest impact on corn productivity. The split applications of N tended to yield 
slightly higher than when all N was applied preplant. However, the greatest yields were achieved 
by split-applying N with a V6 side-dress coulter of 28% urea ammonium nitrate (UAN) down the 
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CHAPTER 1.  UTILIZING SUB-SURFACE DRIP IRRIGATION TO SUPPLY IN-
SEASON N AND ITS EFFECT ON CORN PRODUCTIVITY 
 
ABSTRACT 
Multiple N applications are becoming more common as a way to assure adequate N 
availability for optimum growth and yield of corn, while minimizing the potential for negative 
environmental consequences associated with N loss. Unclear, however, is how much N needs to 
be applied at planting in order to get the full value of in-season applications. The objectives of this 
study were to determine the optimal amount of preplant N needed to maximize corn yield, when 
additional N is provided throughout the season using subsurface (14-16 inches deep) drip 
fertigation, and to determine if in-season N applications lead to greater yields compared to irrigated 
or rainfed water management systems. Preplant N (as broadcast, incorporated urea) at rates of 0, 
50, 100, 150, or 200 pounds N/acre was provided to corn grown under either: 1) fertigated [with 
an additional 180 pounds N/acre supplied as 28% UAN applied at V5 (30 pounds N/acre), V8 (30 
pounds N/acre), V11 (40 pounds N/acre), V14 (30 pounds N/acre), VT/R1 (20 pounds N/acre), R3 
(10 pounds N/acre), R4 (10 pounds N/acre), and R5 (10 pounds N/acre)]; 2) irrigated (0 pounds 
N/acre in-season N); or, 3) rainfed (only preplant N) environments. The irrigated and fertigated 
environments were balanced for water. The study was conducted in 2018 and 2019 at Champaign, 
IL. On average, fertigation increased grain yield by 91 bushels/acre in 2018 and 100 bushels/acre 
in 2019, compared to the irrigated and rainfed treatments that did not receive additional N. In 2019, 
applying no N fertilizer preplant with 180 pounds N/acre fertigated increased grain yield by 37 
bushels/acre compared to the 200 pounds N/acre preplant in irrigated or rainfed water management 
systems, revealing that farmers can apply all of the N fertilizer in-season and produce higher yields. 
However, an additional 25 bushels/acre increase occurred when applying 100 pounds N/acre 
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preplant with 180 pounds N/acre fertigated in 2019. Supplying 200 pounds N/acre preplant to 
plants that received only irrigation (0 pounds N/acre in-season) in 2019 produced 248 more 
kernels/m2 than the plants receiving 180 pounds N/acre in-season with fertigation but with no pre-
plant N, showing the importance of pre-plant N in supporting kernel production. Therefore, corn 
required at least 100 pounds N/acre pre-plant in order to maximize yields when applying additional 
N in-season; also in-season subsurface drip fertigation applications played a major role in 
increasing grain yield.  
  
INTRODUCTION 
 The current world population is 7.7 billion and is expected to grow to 9.7 billion people by 
2050 (United Nations, 2019), meaning farmers must find ways to increase yields to feed the 
growing population. Corn is capable of producing twice the yield of other cereal crops (Tollenaar 
and Lee, 2002; Abebe & Feyisa, 2017), making corn a major commodity in feeding the growing 
world population. In order for corn to produce twice the yield of other cereal crops, certain 
management factors must be implemented that have the largest impact on yield, and those include: 
hybrid, planting population, N fertility, additional nutrient fertility, and foliar protection (Ruffo, 
Gentry, Henninger, Seebauer, & Below, 2015), with N fertility having the greatest individual effect 
on growth and yields.   
Nitrogen is the mineral nutrient that is the most limiting factor of crop growth and yield 
and is needed in relatively large amounts (Below, 2002). Nitrogen is the most limiting nutrient 
element because it is the most abundant element found in plants, besides those obtained from the 
air or water (carbon, hydrogen, and oxygen). It is a key component in essential plant organic 
compounds such as proteins, nucleic acids, chlorophyll, and growth regulators (Fernandez, 
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Ebelhar, Nafziger, & Hoeft, 2009) and is extremely important for establishing and maintaining 
photosynthetic capacity and sink capacity (Below, 2002). 
Plant-available N exists in two forms, nitrate (NO3
-) and ammonium (NH4
+). Nitrate and 
ammonium become present in the soil through natural processes and converted to plant-available 
forms by means of living organisms. These conversions are typically temperature-sensitive. Most 
fertilizer N becomes plant-available soon after application, depending on the source of fertilizer, 
with most fertilizer N ultimately converted to the NO3
- form. Organic N is the predominant source 
found in soils while synthetic N fertilizers often move into and out of the organic N pool. This 
organic N is only slowly converted to NH4
+ (Scharf, 2015a). Soil microbes remove NH4
+ from the 
soil’s inorganic available N pool, converting it to organic N in a process called immobilization. 
These organisms will eventually die and decompose, and in the process NH4
+ can be released back 
to the inorganic pool, which is called mineralization. This NH4
+ can be oxidized to NO3
- by means 
of specific soil bacteria through a process called nitrification. Nitrate can be readily taken up by 
plants, but it must be reduced to NH4
+, an energy-intensive process, before it can be assimilated to 
amino acids for the plant to use. Furthermore, NO3
- is highly susceptible to leaching in the soil 
because NO3
- does not bind to the negatively charged soil particles. Ammonium uptake also 
requires energy, but is toxic to plants at high concentrations. This requires NH4
+ to be assimilated 
immediately into amino acids, while plants have the ability to store NO3. (Below, 2002; Scharf, 
2015b).   
Nitrogen fertilization is usually required to maximize corn yield because the soil cannot 
supply the amounts needed for high yields. This release of N from soil organic matter is heavily 
dependent on weather factors, where warm temperatures and moderate rainfall can result in high 
release of N mineralization and a high supply of plant available N. A tendency of farmers is to 
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over-fertilize with N to ensure adequate fertility, rather than to under-fertilize. This extra insurance 
N is used because the cost for more fertilizer to over-fertilize is less than what a farmer would lose 
in yield if they under-fertilized, even though, this over-fertilization can be harmful to the 
environment (Scharf et al., 2005). Determining the optimal N rate is a difficult decision each year 
when considering the N source, application method, timing, tillage, previous crop, growing season, 
and the environment all can impact the availability of N. 
Maximizing corn grain yield is heavily dependent on numerous variables including 
environmental, cultural, and soil factors (Below, 2002). Farmers strive to remove limiting factors 
to maximize yields which has led to a widespread use of synthetic fertilizers. Synthetic fertilizers 
first entered the agriculture market at the end of World War II, which led to higher yields and a 
large increase in cereal production that then supported the growing population (Mulvaney, Khan, 
& Ellsworth, 2009). Synthetic N is produced through the Haber-Bosch process which converts 
highly inert dinitrogen gas (N2) to highly reactive ammonia (NH3), and requires large amounts of 
energy in the form of natural gas, heat, and pressure (Smil, 2011). This synthetic N is applied 
mainly in the ammonia form, however, these N applications often exceed the crop N requirement 
because soil N availability is not adequately accounted for and the fertilizer form, placement, or 
timing may not synchronize with N availability in the soil (Mulvaney et al., 2009). A major reason 
for this over-application is because of N loss due to N’s high water solubility and ease of 
transformation to nitrous oxide. Nitrogen loss can be affected by many things including: spring 
rainfall, previous crop, soil properties, crop N demand, field management practices, and N form, 
timing, and placement (Mulvaney et al., 2009). 
With many factors affecting N loss, there is a lot of variability and uncertainty on how 
much to apply and when to apply it, which has resulted in educational tools to assist farmers in 
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making these decisions (Tao, Morris, Kyveryga, & McGuire, 2018). One common decision 
making tool is the Maximum Return to N (MRTN) calculator that gives N rate guidelines directly 
from the program’s N response trial database that are most likely to be economical. The calculator 
takes into account fertilizer price, grain price, crop rotation, and state which helps limit errors 
associated with the source of N, commodity prices, the specific location, and crop rotation (Morris 
et al., 2018). The 4Rs of Nutrient Stewardship help farmers develop better management strategies 
for their overall fertilization program. The 4Rs are right source, right rate, right time, and right 
place. By implementing these stewardship practices, farmers can increase profitability, yield, and 
nitrogen use efficiency (NUE) (The Fertilizer Institute, 2017).  
The timing of N fertilizer applications can have one of the biggest impacts on N loss 
because of weather events that take place between the time of application and crop uptake. Preplant 
N applications, in the fall or early spring, can improve logistics and the ease of fertilizer 
applications, but are highly susceptible to N loss and create more work in the busy harvest and 
planting seasons. Nitrogen applications in-season can reduce the potential for N loss because the 
time between application and crop uptake is minimized. In-season N applications can lead to 
greater yields compared to preplant N applications, especially in situations when N loss occurs, 
and in these cases, yield increases can be as large as 80 bushels/acre (Scharf, 2015a).  
A relatively new technology that is mainly used in high value crops and arid regions is sub-
surface drip irrigation (SDI). While SDI can be expensive to install, the return on investment (ROI) 
can be quite large, in part, due to the ability for better N management. Installing an SDI system 
involves inserting plastic dripper lines into the ground that contain emitters that are connected to 
supply lines and pumps, allowing farmers to supply water and nutrients to the crop at any time, 
regardless of field conditions. An SDI system can both increase water use efficiency (WUE) and 
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NUE, while also minimizing N loss by supplying small amounts of N to the crop as needed 
throughout the growing season. Nitrogen loss is limited with an SDI system because less N is in 
the N pool at a given time during the season that may be subject to loss and is more likely to be 
used by the crop. Depending on the placement of the dripper lines, N can be supplied directly to 
the roots, further increasing the NUE (Lamm, 2002; Tarkalson, Van Donk, & Petersen, 2009). 
Studies testing preplant broadcast N, surface drip irrigation, and sub-surface drip irrigation N 
application showed that while there was no significant yield difference from the three different 
application methods; residual soil-N levels increased when N was injected via sub-surface drip 
irrigation, indicating that less N may be needed in future seasons (Lamm & Trooien, 2003). An 
additional study to determine the best N fertigation rate using six different rates ranging from 0 to 
245 pounds N/acre found that supplying 160 pounds N/acre produced the greatest yield with no 
additional yield increases from greater fertgation levels (Lamm & Trooien, 2003). The ratio of 
corn yield to N uptake was large when N was fertigated, indicating that NUE was increased when 
supplying the crop with N in small amounts throughout the season (Lamm & Trooien, 2003). Other 
studies have shown that N supplied by fertigation not only resulted in large increases in grain yield, 
but also an increase in plant dry matter accumulation, leaf area index, and N accumulation 
compared to conventional fertilization (Zhou, Sun, Ding, Ma, & Zhao, 2017). Collectively, these 
studies highlight that supplying N in-season to corn via sub-surface drip irrigation can increase N 
uptake and biomass accumulation, which in turn leads to higher yields.  
The two objectives of this research were to: 1) determine the optimal amount of preplant 
N needed to efficiently maximize corn yield, when additional N is provided in-season through 
fertigation, and 2) determine if supplementing nutrients in-season through subsurface drip 
irrigation leads to greater yields as compared to irrigated or rainfed water management systems. 
7 
 
Determining these effects of N application (rate and timing) on corn grain yields will help farmers 
increase profits through better N management while reducing the potential for negative 
environmental impacts.    
 
MATERIALS AND METHODS 
Field Characteristics and Pesticide Applications 
 The experiment was conducted during the 2018 and 2019 growing seasons at the Crop 
Physiology Laboratory Subsurface Drip Irrigation/Fertigation site located at the University of 
Illinois at Urbana-Champaign. This location consists of a level and well drained, Flanagan-silt 
loam soil with adequate soil fertility, pH, soil organic matter, and water availability. This site is 
extremely N deficient and responsive to N. Specific soil test values for each year are provided in 
Table 1.1 (A&L Great Lakes, Ft. Wayne, IN). Experimental units were four rows wide, with 30-
inch row spacing, and 37.5 feet in length. 
 The 2018 growing season was maintained weed-free with a pre-emergence herbicide 
application of s-metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl) 
acetamide] + atrazine (1-chloro-3-ethylamino-5-isopropylamino-2,4,6-triazine) + mesotrione (2-
[4-(methylsulfonyl)-2-nitrobenzoyl] cyclohexane-1,3-dione) + bicyclopyrone (Bicyclo[3.2.1]oct-
3-en-2-one), 4-hydroxy-3-[[2-[(2-methoxyethoxy)methyl]-6-(trifluoromethyl)-3-
pyridinyl]carbonyl] known as Acuron (Syngenta, Basel, Switzerland) at a rate of 3 qt/acre. In-
season weed control was applied at the V5 growth stage consisting of atrazine, known as AAtrex 
4L (Syngenta, Basal, Switzerland) at a rate of 32 oz/acre, glyphosate (N-phosphonomethyl 
glycine), known as RoundUp PowerMax (Monsanto, St. Louis, MO) at a rate of 1 pound/acre and 
ammonium sulfate (AMS; 21-0-0-24S) at a rate of 0.2 gallons/acre.  
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 The 2019 growing season was maintained weed-free with a pre-emergence herbicide 
application of Acuron at a rate of 3qt/acre. An in-season herbicide application was made at the V5 
growth stage consisting of Thiencarbazone-methyl [Methyl 4-[[[(4, 5-dihydro-3-methoxy-4-
methyl-5-oxo-1H-1, 2, 4-triazol-1-yl) carbonyl]amino]sulfonyl]-5-methyl-3-
thiophenecarboxylate] + Tembotrione: 1, 3-cyclohexanedione, 2-[2-chloro-4 (methylsulfonyl)-3-
[(2, 2, 2-trifluoroethoxy)methyl]benzoyl] also known as Capreno (Bayer Crop Sciences, St Louis, 
MO) at a rate of 3 ounces/acre, AAtrex at a rate of 32 ounces/acre, RoundUp PowerMax 32 
ounces/acre, and FS MaxSupreme (FS Growmark, Bloomington, IL) at a rate of 26 ounces/acre.  
 In both 2018 and 2019, all plots received an in-furrow soil insecticide application of 
tefluthrin [(2,3,5,6-tetrafluoro-4-methylphenyl) methyl-(1α,3α)-(Z)-(±)-3-(2-chloro-3,3,3-
trifluoro-1-propenyl)-2,2-dimethylcyclopropanecarboxylate], known as Force 3G (Syngenta, 
Basel, Switzerland) at a rate of 4 ounces/acre 
Agronomic Management 
 Soybean was the previous crop and conventional tillage was used in both seasons. Four 
different corn hybrids were grown at a plant population of 36,000 plants/acre: Croplan 
5290DGVT2P with 112-day relative maturity, Croplan 5887VT2P with 108-day relative maturity, 
Croplan 6110SS with 110-day relative maturity, and Croplan 7927VT2P with 117-day relative 
maturity. These hybrids were planted with a precision plot planter (SeedPro 360, ALMACO, 
Nevada, IA) on 26 April 2018 and 17 May 2019. 
Treatments 
 Treatments were designed to determine the optimal rate of preplant N fertilizer that is 
needed to set the trajectory for maximum growth and yield potential that then allows the crop to 
further respond to additional in-season N provided through fertigation. In 2018, three water 
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management systems were used to create different growing environments: fertigated (in-season N 
and water applications), irrigated (only in-season water applications), and rainfed (plants only 
receiving the preplant N). The rainfed management only had one replication due to zone 
constraints within the SDI system. In 2019, all of the same water management systems were used 
and all were replicated four times (Table 1.2). Preplant N fertilizer as urea was applied broadcast 
at varying rates of 0, 50, 100, 150, or 200 pounds N/acre and incorporated into the soil. To assure 
adequate levels of P and K, P2O5 as triple super phosphate (TSP, 0-46-0) and K2O as muriate of 
potash (MOP) were each applied broadcast at 100 pounds/acre. In 2019 the plot area received 
Aspire (0-0-58-0.5B), replacing MOP as the K2O source. Fertigation supplied additional N as 28% 
(UAN) at the following amounts and times based on the N uptake curve of Bender, Haegele, Ruffo, 
& Below, (2013) at growth stages: V5 (30 pounds N/acre), V8 (30 pounds N/acre), V11 (40 pounds 
N/acre), V14 (30 pounds N/acre), VT/R1 (20 pounds N/acre), R3 (10 pounds N/acre), R4 (10 
pounds N/acre), and R5 (10 pounds N/acre) totaling 180 pounds N/acre across all timings (Table 
1.3). Fertigation was applied utilizing a Netaflex 3g open-tank mixing system (Netafim USA, 
Fresno, CA). Dripper lines were 30 inches apart and 14-16 inches deep and run the length of the 
field. All treatments were balanced for water with a total of 15 inches applied through the drip 
system, in addition to 26 inches of total rainfall during the 2018 growing season and a total of 9 
inches applied through the drip system, in addition to 22 inches of total rainfall during the 2019 
growing season.  
Measured Parameters 
 In 2019, total aboveground biomass was obtained by sampling six random plants at the R6 
growth stage to quantify total nutrient uptake throughout the growing season. The plants at R6 
were partitioned into grain and stover (including husk) components, and biomass accumulation 
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was determined by weighing the total fresh stover then processing it through a chipper (BC600XL, 
Vermeer Corporation, Pella, IA) to obtain representative stover subsamples. The stover 
subsamples were immediately weighed to determine aliquot fresh weight, and then weighed again 
after drying to 0% moisture in a forced air oven at 167 °F, to determine subsample aliquot dry 
weight and calculate total dry biomass accumulation. Corn ears were dried and the grain was 
removed using a corn sheller (AEC Group, St Charles, IA) and analyzed for moisture using a 
moisture reader (Dickey John, GSF, Ankeny, IA). Cob weight was obtained by difference, and dry 
stover and cob weights were summed to calculate the overall R6 stover biomass. Dried subsamples 
were ground using a Wiley Mill (Thomas Scientific, Swedesboro, NJ) to pass through a 2 mm 
mesh screen. An approximately 50 mg subsample of the ground tissue was randomly selected and 
analyzed for N using a combustion-based analyzer (EA1112, CE Elantech, Lakewood, NJ). 
Nutrient accumulation in the plant was determined using total plant biomass weight and stover N 
concentration. Nitrogen concentration in the grain was calculated by converting protein 
concentration in the grain, obtained using near-infrared transmittance (NIT) spectroscopy (Infratec 
1241 Grain Analyzer; FOSS, Eden Prairie, MN), to N concentration by dividing by a factor of 6.25 
(Jones, 1941). Grain oil, protein, and starch concentrations were also obtained using near-infrared 
transmittance spectroscopy and are presented at 0% moisture. Total N in the grain was determined 
using total grain weight and grain N concentration (2018 & 2019). Total N uptake was calculated 
as the sum of total N in the grain and total N uptake in the stover. Recovery efficiency was 
calculated by subtracting the total N uptake of the check plot plants from the total N uptake 
resulting from each treatment and dividing by the corresponding total N rate applied. The check 
plot data for the fertigated treatments was obtained as an average representing the irrigated and 
rainfed treatments receiving 0 pounds N/acre. 
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Plant counts were recorded from the center two rows to determine the final population at 
the end of each season. The center two rows were harvested after physiological maturity with a 
plot combine (SPC40, ALMACO, Nevada, IA), evaluated for grain yield and harvest moisture, 
and yield was standardized to 15.5% moisture. Plots were harvested on September 23, 2018, and 
October 12, 2019. Grain sub-samples were analyzed for yield components: kernel number and 
average kernel weight. Of the subsample, 300 random kernels were selected, weighed, and 
converted to 0% moisture to estimate kernel weight. Kernel number per unit area was estimated 
from the total plot grain weight, individual kernel weight, and plot area. 
Experimental Design and Statistical Analysis 
 Treatments were arranged in a split-split randomized complete block design with four 
replications for fertigated and irrigated and one replication for rainfed for a total of 200 plots in 
2018 and four replications for fertigated, irrigated, and rainfed for a total of 240 plots in 2019. 
Plots were first split by water management system and second by preplant N fertilizer level. 
Statistical analysis was conducted using PROC MIXED in SAS (version 9.4; SAS Institute, Cary, 
NC). Preplant N levels, water management, and hybrid were included as fixed effects, while 
replication was considered a random effect. PROC GLM of SAS was used to conduct the Brown-
Forsythe test of the Levene test for homogeneity of variance of errors. PROC UNIVARIATE of 
SAS was used to determine possible outliers and assess the normality of the errors. 
 
RESULTS AND DISCUSSION 
Weather 
 The 2018 growing season experienced below average temperatures in April, resulting in 
slow seedling emergence, but well-above average temperatures in May promoted rapid 
vegetative growth (Table 1.4). April, May, and July received below average precipitation, while 
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well above-average precipitation occurred in June. This excess June precipitation likely caused 
substantial N losses through leaching and/or denitrification, resulting in yields below the typical 
averages. 
The 2019 growing season experienced above-average amounts of precipitation in April and 
early May, delaying planting until the middle of May, however, June, July, and August received 
below-average rainfall (Table 1.4). September received average precipitation. The majority of the 
growing season experienced average temperatures, while September experienced above-average 
temperatures and precipitation, promoting a strong finish to the growing season.  
Grain Yield 
Grain yield was significantly affected by the water management treatment and by the 
preplant N rated in both years, but the interactive effects of water management by preplant N rate 
was only significant in 2019 (Tables 1.5 and 1.6).  Similarly, the main effect of hybrid was only 
significant in 2019, and there were no interactions of hybrid and water management or hybrid and 
preplant N rate in either year.  As a result, the data presented for both years are averaged over the 
four hybrids, although the data for individual hybrids are given in the Appendix (Tables A.1 to 
A.8).    
The yield response to preplant N rate and the water management treatments differed 
between the two years, likely as a result of differences in the Spring precipitation in 2018 and 2019 
(Table 1.4).  Grain yields were low in 2018, especially for the rainfed and irrigated treatments and 
yield was not maximized with even the highest N rate (Table 1.7), consistent with other studies 
that evaluated preplant N and delaying N application until later in the season (Binder, Sander, & 
Walters, 2000) Yields were substantially increased over the rainfed and irrigated treatments with 
the additional fertigated N in 2018, but they were still not maximized even at the highest rate of N 
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(200 pounds N/acre preplant + 180 pounds N/acre fertigated). Although higher in 2019, yields 
were still not maximized for the rainfed and the irrigated treatments even with 200 pounds N/acre 
(Table 1.8).  In both years, the yields and the response to N were surprisingly similar for the rainfed 
and the irrigated treatments, except for 200 pounds N/acre in 2019 where the irrigated was 19 
bushels higher than the rainfed. The overall lack of response to irrigation was despite the lower 
precipitation than average (1.5 to 1.9 inches) experienced in July in both years (Table 1.4), while 
others have shown that grain yields can only be increased when irrigating during dry periods 
(Bushong, Miller, Mullock, Arnall, & Raun, 2014). In contrast to 2018, yields were maximized in 
the fertigated treatment in 2019 when 100 pounds N/acre was applied preplant (Table 1.8). Overall, 
the additional N from fertigation produced the highest yields and increased yield by an average of 
91 bushels/acre in 2018 and 100 bushels/acre in 2019. This finding is consistent with studies that 
evaluated increasing N rates (Killorn & Zourarakis, 1992) and a comparison of conventional 
fertilization to drip fertigation (Zhou et al., 2017). 
The yields of the check plots (no applied N) also differed drastically over the two years 
with the check plots in 2019 yielding 30 bushels more than in 2018.  The check plot is an indication 
of how much N the soil supplies, and has been shown to be a determining factor in the amount of 
N that is needed at preplant (Bernhard, 2019). In the current study, comparison of the fertigated 
treatment (which received 180 pounds N/acre over the whole season) with 0 pounds N/acre 
preplant, to the 200 pounds N/acre preplant treatments with either rainfed or irrigation, is an 
indication of the comparative value of suppling all the N in season versus all the N applied at 
planting. In the low check plot year of 2018, supplying all the N at planting (the 200 pounds N/acre 
treatments), on average yielded 12 bushels/acre more than providing all of the N in-season with 
fertigation (Table 1.7) consistent with Jaynes & Colvin (2006).  In contrast, in the higher check 
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plot year of 2019 supplying all the N in-season with fertigation yielded 37 bushels/acre more than 
providing 200 pounds N/acre preplant, and with 20 pounds N/acre less N (Table 1.8). Delaying N 
applications until the V11 (11-leaf) growth stage has been shown not to reduce yield, but supplying 
N later than V11 has been shown to decrease yields (Scharf, Wiebold, & Lory, 2002). Hence, 
farmers can apply all the N fertilizer to corn in-season and still produce high yields, although the 
yields are not as high as they can be achieved, if some N is also provided preplant. These results 
support the idea that corn requires a certain amount of N at the start of the growing season to set 
the potential for maximum yield, and that if this potential is set, then supplying season-long N via 
fertigation can substantially increase corn yields. This is consistent with other studies conducting 
research on applying N preplant (Abebe & Feyisa, 2017; Walsh, Raun, Klatt, & Solie, 2012). 
Yield Components and Quality 
Kernel number and kernel weight were significantly affected by the water management 
treatment and by the preplant N rate in both years. The interactive effect of water management and 
preplant N rate was significant for kernel number each year, but only significant for kernel weight 
in 2019 (Tables 1.5 and 1.6). Similar to grain yield, there were no significant interactions of hybrid 
and water management or hybrid and preplant N rate. 
 Kernel number and kernel weight are components of grain yield. These yield components 
can be used to determine when in the life cycle of a plant that an effect on grain yield occurred. In 
both years, kernel number was similar between irrigated and rainfed treatments, except for 200 
pounds N/acre preplant in 2019 where the irrigated produced 367 more seeds/m2 (Tables 1.7 and 
1.8). Supplying all of the N preplant (200 pounds N/acre treatments) in 2018, on average produced 
559 more seeds/m2 than providing all of the N in-season with fertigation. Unlike 2018, only 
irrigated and all N applied preplant produced more seeds/m2 than supplying all N in-season with 
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fertigation in 2019. However, in both years, fertigation produced more kernels than any irrigated 
or rainfed treatment when applying at least 100 pounds N/acre preplant. This finding indicates the 
importance of preplant N in establishing maximum kernel production and limiting kernel abortion 
(Crozier, Gehl, Hardy, & Heiniger 2014; Andrade et al., 1999). Similar to kernel number, kernel 
weight was relatively unaffected between the irrigated and rainfed treatments in both years, except 
for 200 pounds N/acre preplant in 2018 where the rainfed produced 12 mg/seed more than the 
irrigated. Fertigated treatments produced the heaviest kernels in both years (Tables 1.7 and 1.8). 
In 2018, as the preplant N rate increased, kernel weight also increased, while in 2019, preplant N 
rate had little effect on kernel weights in the fertigated treatments. This finding of greater kernel 
weights from fertigation indicates that the combination of water and N through fertigation helped 
to maintain leaf photosynthetic activity (Figure 1.1), which enhanced grain-filling (Mueller & Vyn, 
2018; Tollenaar, Dwyer, & Stewart, 1992; Pearson & Jacobs, 1987).  
 The interactive effect of water management and preplant N rate was not significant for 
grain oil and starch concentrations, while the interaction was significant for grain protein 
concentration in both years (Tables 1.5 and 1.6). The higher yields in 2019 produced relatively 
larger protein concentrations as compared to those in 2018 and fertigation produced the highest 
protein concentrations in both years (Tables 1.7 and 1.8). In 2019, providing all the N in-season 
(0 pounds N/acre preplant and 180 pounds N/acre fertigated) led to 0.71% more grain protein 
concentration than when all N was supplied preplant under rainfed conditions and 1.24% more 
than when all N was supplied under irrigated conditions (Table 1.8).  
Nitrogen Accumulation 
 In 2019, the total N accumulation at the R6 growth stage in the corn plants with no applied 
N was used to quantify the amount of residual N and N supplied from the soil through 
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mineralization. Fertilized plants were used to quantify the amount of N accumulated from both the 
soil and fertilizer. The trial site is typically nutrient deficient with the soil only supplying 52 pounds 
N/acre in 2019 (Table 1.9). When the right conditions occur for mineralization and when little N 
loss occurs, the soil can supply as much as 173 pounds N/acre (Bernhard, 2019). 
 Total N accumulation in 2019 and grain N accumulation in both years was significantly 
affected by the water management treatment and preplant N rate (Tables 1.5, 1.6, and 1.10). The 
interactive effect of water management and preplant N rate was not significant for 2018 grain N 
accumulation, but was significant for 2019 grain N accumulation and total N accumulation (Tables 
1.5, 1.6, and 1.10). In both years, N accumulation in the grain was relatively similar between the 
irrigated and rainfed treatments (Tables 1.7 and 1.8). In contrast, the 2019 plants tended to 
accumulate more N than the 2018 plants when applying N preplant. Fertigated treatments 
accumulated more N in the grain in both years, except in 2018 when applying all N preplant in the 
rainfed management. Supplying all N in-season (0 pounds N/acre preplant and 180 pounds N/acre 
fertigated) in 2019 accumulated 30 more pounds N/acre in the grain and 35 more pounds N/acre 
in the whole plant than applying all N preplant (200 pounds N/acre) on average, while providing 
20 less pounds N/acre (Tables 1.8 and 1.9). Typically, when N is limiting, the plants’ ability to 
redistribute nutrients to reproductive organs is reduced, which likely happened in the irrigated and 
rainfed treatments later in the growing season (Below, 2002). These findings demonstrate that 
season-long fertigation promotes N accumulation into the plant and the grain similar to Zhou et. 
al. (2017), and is a more efficient way of supplying the crop with N as shown by an overall higher 






 Results from both 2018 and 2019 demonstrate that fertigation can significantly increase 
corn productivity, but also shows that sufficient N (100 pounds N/acre) must be provided preplant 
to maximize the yield potential. Kernel number tended to increase when preplant N levels were 
adequate and kernel weight tended to increase when in-season N applications were made via 
fertigation. This data showed that corn needed at least 100 pounds N/acre preplant, in addition to 
N throughout the growing season in order to produce the greatest kernel numbers, the heaviest 


















TABLES AND FIGURE 
Table 1.1 Average preplant soil properties and Mehlich 3-extraction-based mineral test results for 
the SDI corn site at Champaign, IL in 2018 and 2019. 
Year OM† CEC pH P K Ca Mg S Zn Mn Fe Cu B 
 % meq/100g units ---------------------------------------------------------------------------------- -   ppm ---------------------------------------------------------------------------------- 
     
2018 3.4 19.6 6.3 20 101 2453 566 9.0 1.7 43 128 1.9 0.5 





Table 1.2 Fifteen treatments used to evaluate the amount of preplant N needed for 
maximum effectiveness of additional fertigation of N on corn at Champaign, IL in 
2018 and 2019. For preplant fertilization, urea was the N source, while 28% UAN 
was the source for fertigated N. Irrigated and Fertigated treatments were balanced 
































 Rainfed  
0 0 0 
50 0 50 
100 0 100 
150 0 150 
200 0 200 
   
 Irrigated  
0 0 0 
50 0 50 
100 0 100 
150 0 150 
200 0 200 
   
 Fertigated  
0 180 180 
50 180 230 
100 180 280 
150 180 330 





Table 1.3 Fertigation schedule with the N amounts supplied to the corn plants between the V5 and 
R5 growth stages. The schedule was determined based on the N uptake curve of corn from Bender, 
Haegele, Ruffo, & Below (2013).   
V5 V8 V11 V14 VT/R1 R3 R4 R5 
-----------------------------------------------------------------pounds N/acre---------------------------------------------------------------- 











Table 1.4 Monthly weather data between 1 April and 31 October at Champaign, IL in 2018 and 
2019. Values presented are the average daily air temperature and the average monthly accumulated 
rainfall, with deviations from the 30-year average in parentheses (Illinois State Water Survey, 
2020). 
Year April May June July August September October 
 Temperature, OF 
2018 46 (-6) 72 (9) 75  (3) 75 (0) 75 (2) 71 (5) 54 (-1) 
2019 53  (1) 64 (1) 72 (-1) 77 (2) 74 (0) 72 (5) 54 (-1) 
 Precipitation, Inches 
2018 2.5 (-1.1)  4.2 (-0.7) 7.3  (3.0) 3.2 (-1.5) 4.0  (0.1) 4.7 (1.6) 2.2 (-1.0) 





Table 1.5 Test of main effects and interactions on yield, yield components (kernel number and kernel weight), grain quality (oil, protein, and 
starch concentrations), and grain N accumulation averaged across all four hybrids at Champaign, IL in 2018. 
Source of Variation Yield 






Oil Protein Starch  Grain 
 -----------------------------------------------        P > F  ------------------------------------------------------ 
Water Management 0.0001 0.0001 0.0001  0.0001 0.0001 0.0001  0.0001 
Preplant N 0.0001 0.0001 0.0001  0.0001 0.0001 0.6701  0.0001 
Water Management *Preplant N 0.5370 0.0001 0.1516  0.4409 0.0029 0.6449  0.1544 
Hybrid 0.1739 0.0001 0.0001  0.0001 0.0001 0.0001  0.0225 
Water Management *Hybrid 0.9093 0.8006 0.0918  0.0001 0.0401 0.0003  0.6392 
Preplant N*Hybrid 0.6932 0.9261 0.2791  0.0077 0.7111 0.0485  0.9535 
Water Management *Preplant N*Hybrid 0.8701 0.7420 0.9584  0.4370 0.8488 0.2544  0.9998 
 
 
Table 1.6 Test of main effects and interactions on yield, yield components (kernel number and kernel weight), grain quality (oil, protein, and 
starch concentrations), and grain N accumulation averaged across all four hybrids at Champaign, IL in 2019. 
Source of Variation Yield 






Oil Protein Starch  Grain 
 -----------------------------------------------        P > F  ------------------------------------------------------ 
Water Management 0.0001 0.0001 0.0001  0.2237 0.0001 0.0007  0.0001 
Preplant N 0.0001 0.0001 0.0001  0.0086 0.0002 0.0920  0.0001 
Water Management *Preplant N 0.0001 0.0001 0.0001  0.7234 0.0001 0.3259  0.0001 
Hybrid 0.0089 0.0001 0.0001  0.0001 0.0001 0.0001  0.0001 
Water Management *Hybrid 0.3105 0.6564 0.1791  0.0001 0.0001 0.0001  0.0001 
Preplant N*Hybrid 0.5788 0.1859 0.4816  0.0131 0.3630 0.3329  0.3393 
Water Management *Preplant N*Hybrid 0.9957 0.9966 0.9138  0.6937 0.9977 0.7643  0.9494 
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Table 1.7 Grain yield, yield components (kernel number and kernel weight), grain quality (oil, 
protein, and starch concentrations), and grain N accumulation as influenced by preplant N rate and 
water management treatment averaged across all four hybrids at Champaign, IL in 2018. Yield is 
expressed at 15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. 
Grain N accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 40 1412 187  4.31 4.88 73.00  26 
50 63 2109 181  4.17 5.00 73.28  36 
100 90 2624 195  4.30 5.25 73.68  48 
150 115 3057 208  4.14 5.18 73.13  57 
200 144 3426 226  3.96 5.48 73.05  73 
          
Irrigated 
0 41 1480 175  4.42 4.89 72.94  22 
50 70 2243 181  4.27 4.83 73.09  32 
100 93 2753 190  4.22 4.86 73.14  41 
150 118 3222 201  4.12 5.05 73.11  52 
200 138 3516 214  4.09 5.18 72.99  61 
          
Fertigated 
0 129 2912 241  4.18 5.68 72.56  63 
50 165 3458 256  4.09 5.90 72.61  81 
100 194 3857 267  3.88 6.08 72.83  98 
150 206 3953 277  3.90 6.33 72.68  107 
200 222 4092 282  3.88 6.65 72.52  118 
LSD (P ≤ 0.10)  NS 200 NS  NS 0.17 NS  NS 
Fertigated treatments received an additional 180 pounds N/acre 












Table 1.8 Grain yield, yield components (kernel number and kernel weight), grain quality (oil, 
protein, and starch concentrations), and grain N accumulation as influenced by preplant N rate and 
water management treatment averaged across all four hybrids at Champaign, IL in 2019. Yield is 
expressed at 15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. 
Grain N accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 70 2064 173  4.27 5.14 74.09  27 
50 102 2879 183  4.19 5.28 74.18  41 
100 137 3548 200  4.07 5.64 74.27  59 
150 149 3779 203  4.09 5.96 74.02  68 
200 163 3924 215  4.15 6.47 73.69  80 
          
Irrigated 
0 68 2018 173  4.25 5.01 74.05  25 
50 96 2831 175  4.17 5.20 74.16  38 
100 132 3629 187  4.02 5.30 74.34  53 
150 149 3885 196  4.04 5.51 74.21  63 
200 182 4291 220  4.05 5.94 73.95  83 
          
Fertigated 
0 209 4043 266  4.23 7.18 73.07  112 
50 221 4354 263  4.24 7.32 73.06  123 
100 234 4606 263  4.16 7.45 73.13  131 
150 230 4620 256  4.08 7.50 73.09  131 
200 235 4558 266  4.07 7.61 73.20  135 
LSD (P ≤ 0.10) 16 345 8  NS 0.29 NS  8 
Fertigated treatments received an additional 180 pounds N/acre 
LSD is the preplant N rate and water management interaction 
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Table 1.9 Total N accumulation and N recovery efficiency as influenced by 
preplant N rate and water management treatment averaged across all four 
hybrids at Champaign, IL in 2019.  
Preplant N Rate Total N Accumulation N Recovery Efficiency 
  lbs/acre % 
 Rainfed 
0 52 - 
50 76 48 
100 102 50 
150 118 44 
200 131 39 
 Irrigated 
0 49 - 
50 70 42 
100 90 42 
150 106 38 
200 133 42 
 Fertigated 
0 167 64 
50 194 61 
100 208 57 
150 221 52 
200 227 47 
LSD (P ≤ 0.10) 13 0.13 
Fertigated treatments received an additional 180 pounds N/acre 




















Table 1.10 Test of main effects and interactions on total N accumulation and N recovery efficiency 
averaged across all four hybrids at Champaign, IL in 2019. 
Source of Variation Total N Accumulation N Recovery Efficiency 
 --------------------------------------------------------           P > F  -------------------------------------------------------------- 
Water Management 0.0001 0.0006 
Preplant N 0.0001 0.0297 
Water Management *Preplant N 0.0029 0.0001 
Hybrid 0.0825 0.4400 
Water Management *Hybrid 0.3323 0.9672 
Preplant N*Hybrid 0.5864 0.6375 




Figure 1.1 A visual example of the N use efficiency and fertigation promoting crop health and 
photosynthetic activity. This overhead picture highlights the different blocks of rainfed versus 
irrigation versus fertigation, in addition to the varying preplant rates of N.  The picture was taken 
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CHAPTER 2.  COMBINING HYDRA-HUME WITH SIDE-DRESS N APPLICATIONS TO 
IMPROVE N USE AND PRODUCTIVITY OF CORN 
 
ABSTRACT 
 Recent advances in nutrient applications have helped farmers provide adequate mineral 
nutrition, especially N, to help produce higher-yielding corn. The objectives of this study were to 
determine the best application timing of the humic acid, Hydra-Hume with urea alone, or with UAN 
that promotes plant growth and yield, and also to determine the best placement of side-dress N with 
or without Hydra-Hume for increased yield. Preplant N (broadcast, incorporated urea) at rates of 
80 or 160 pounds N/acre were applied with and without the dry formulation of Hydra-Hume. The 
80 pounds N/acre preplant treatments received an additional 80 pounds N/acre at V6 as 28% UAN 
with or without the liquid formulation of Hydra-Hume, either placed at the base of the plant via Y-
drop or coultered down the center of the interrow. This study was conducted in 2018 and 2019 at 
Champaign, IL and the Y-drop treatments were only included in 2019. Split applications of N 
tended to yield slightly higher than applying all N preplant, however, combining Hydra-Hume with 
side-dress N coultered down the center of the interrow led to an 11 bushels/acre increase compared 
to applying no Hydra-Hume. The placement of the side-dress N had little effect on grain yield but 
applying Hydra-Hume preplant typically decreased grain yield. These results point to the positive 
influence that Hydra-Hume applications can have on corn productivity and shows that the coulter 
method of side-dressing N increased the availability of N to the plant, in turn helping to maximize 







Corn grain yields have greatly increased over time, due to a combination of improvements 
in genetics, agronomic management factors, and proper mineral nutrition. Traditional means of 
fertilization in corn would be to apply either some or all fertility preplant and then apply the 
remaining fertility in the early part of the growing season. Farmers have been limited with methods 
of in-season nutrient applications to either broadcast, foliar sprays, or liquid fertilizer applications 
down the center of the interrow. A recent addition to the application equipment market, 360 Y-drop 
(360 Yield Center, Morton, IL) has provided farmers with a new technology for in-season 
fertilization. The Y-drop equipment places a liquid nutrient solution at the base of the plant, that, 
in combination with rainfall (or a heavy dew funneling down the plant), helps to incorporate the 
nutrients into the soil. Placing the nutrients directly in the root zone increases the probability for 
plant roots to take up and utilize those applied nutrients. This placement is especially beneficial for 
N because N is highly susceptible to loss and moves vertically in the soil profile rather than 
horizontally (Mthandi, Kahimba, Tarimo, Salim, & Lowole, 2013). Supplying the fertility close to 
the plant may also increase the nutrient use efficiency, which could lead to higher yields and fewer 
negative impacts on the environment.   
 A number of fertilizer additives have been developed to improve nutrient use efficiency, 
particularly for N. These additives, urease inhibitors and nitrification inhibitors, help prevent N 
loss processes like volatilization, denitrification, and leaching, but also help keep the nutrients in 
readily-available forms for the plant to take up. Denitrification is a biological process by which 
NO3
- is transformed to gaseous oxides like dinitrogen and typically takes place under low oxygen 
conditions, when soils are at or above field capacity, and when the soil temperature is suitably 
warm (Knowles, 1982; Scharf, 2015a). Leaching is a physical process that takes place when 
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NO3- leaves the soil as part of drainage water. Because NO3
- is highly soluble and mobile, it is 
easily leached (Foundation for Arable Research, 2001). Nitrification inhibitors have provided 
farmers with a tool for extending the period of N applications, as they slow down or delay the 
nitrification process, decreasing the possibility that large losses of N will occur (Randall, Vetsch, 
& Huffman, 2003). Nitrification is a microbial process in soil that oxidizes NH4
+ to NO3
-. 
Nitrification inhibitors, keep N in the NH4
+-form where it is less susceptible to leaching or 
denitrification. Common commercial nitrification inhibitors currently on the market include N-
serve (Nitrapyrin) and Instinct (Nitrapyrin). Their activity is dependent on soil temperature and 
moisture, with cooler temperatures resulting in longer activity. These inhibitors will last from two 
to several weeks (Ferguson, Maharjan, Wortmann, & Krienke, 2019). Urease inhibitors inhibit the 
urease enzyme responsible for cleaving the urea molecule and help limit N volatilization from 
surface-applied urea. Common commercial products that claim to be urease inhibitors include 
Agrotain, Limus, Nutrisphere, and humic acids which differ in their mechanism of urease 
inhibition. Products like Nutrisphere and humic claim to chelate nickel, which is an essential 
mineral nutrient needed by the urease enzyme for urea hydrolysis. By preventing urea hydrolysis, 
the urea molecule can be incorporated into the soil with rainfall where it can be hydrolyzed. Then 
the released ammonia-N is not subject to volatilization. Urease inhibitors can protect N for a few 
days to a couple of weeks, depending on soil temperature and moisture (Ferguson et al., 2019). 
As farmers strive for higher yields, they are constantly testing new technologies to maximize 
those yields; one of these technologies consists of products collectively called humic acids. Humic 
acid is one of the active ingredients in soil organic matter, and is the final product of the natural 
decay of plant and animal materials and is formed through the chemical and biological humification 
of these materials and through the biological activities of micro-organisms. A common source of 
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humic acid originates from sedimentation layers known as Leonardite. Leonardite is organic matter 
that is in rock form but has not yet reached the coal state (Fowkes & Frost, 1960; O’Donnell, 1973; 
Soil Biotics, 2020). The humic acid Hydra-Hume, produced by Helena Agri-Enterprises, LLC 
(Collierville, TN) has been reported to improve plant nutrient use efficiency and prevent nutrient 
loss. Hydra-Hume is available in both a dry and a liquid formulation, therefore, it can be 
impregnated onto dry fertilizer or mixed with liquid nutrient solutions. Some studies have shown 
an increase in soil N concentration, plant N accumulation, and bigger root systems when applying 
humic acid, in addition to greater dry matter production, better nutrient use efficiency, and higher 
yields (Sharif, Khattak, & Sarir, 2002; Sarir, Sharif, Zeb, & Akhlaq, 2005; Ming, Qinfei, & Haining, 
2018).  
The mineral nutrient uptake and partitioning patterns for modern high-yielding corn hybrids 
have been reported (Bender, Haegele, Ruffo, & Below, 2013). Nitrogen uptake by corn follows a 
sigmoidal curve with the majority accumulated by the VT/R1 growth stage. However, the plant 
only accumulates about 25 pounds N/acre before the V6 growth stage, and it is not until the V10 
growth stage when rapid uptake occurs and plants accumulate approximately 7 pounds N/acre per 
day for 21 days, until reaching the R1 growth stage. Supplying the crop with adequate N is an 
essential component in corn production because of the impact that N has on ear and kernel 
development. Applying N at the right time leads to greater nutrient use efficiencies, which in turn 
produces higher yields. Historically, fertilizer applications have taken place at three different 
timings: fall, spring, or in-season. Recently, technological and equipment advances have allowed 
for a shift to applying fertilizer with planters and for more in-season applications. This shift has 
helped increase nutrient use efficiencies and produce higher yields, which has helped minimize the 
negative impact that chemical fertilizers have on the environment. Extensive research has been 
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conducted over the years on the best placement, source, timing, and rate for N to be applied to corn. 
Multiple studies have compared N applied at or before planting to side-dress application around the 
V6-V8 growth stages. Some studies have reported a decrease in grain yield when applying N 
preplant (Stecker, Buchholz, Hanson, Wollenhaupt, & McVay, 1993), while others have shown 
increases when applying N side-dress (Scharf, 2015b; Bundy, Andraski, & Daniel, 1992; Reeves 
& Touchton, 1986); and some have shown no advantage to either timing (Bernhard & Below, 2016; 
Jokela & Randall, 1989). 
 The objectives of this research were to 1) determine the best application timing of Hydra-
Hume and 2) determine the best application placement of side-dress N with or without Hydra-Hume 
for increased corn grain yield, that in turn, can maximize profits for farmers and help limit N loss.  
 
MATERIALS AND METHODS 
Field Characteristics and Pesticide Applications 
 The experiment was conducted during 2018 and 2019 growing seasons at the South Farms 
located at the University of Illinois at Urbana-Champaign. This location consists of a level and well 
drained, Drummer silty clay loam soil with adequate soil fertility, pH, soil organic matter, and water 
availability. Specific soil test values for each year are provided in Table 2.1 (A&L Great Lakes, Ft. 
Wayne, IN). Experimental units were four rows wide, with 30-inch row spacing, and 37.5 feet in 
length. 
 The 2018 growing season was maintained weed-free with a pre-emergence herbicide 
application of Acuron (Syngenta, Basel, Switzerland) at a rate of 3 quarts/acre. In-season weed 
control was applied at the V5 growth stage consisting of atrazine, known as AAtrex 4L (Syngenta, 
Basel, Switzerland) at a rate of 32 ounces/acre, glyphosate, known as RoundUp PowerMax 
36 
 
(Monsanto, St. Louis, MO) at a rate of 1 pound/acre and ammonium sulfate (AMS; 21-0-0-24S) at 
a rate of 0.2 gallon/acre.  
 The 2019 growing season was maintained weed-free with a pre-emergence herbicide 
application of Acuron at a rate of 3 quarts/acre. An in-season herbicide application was made at the 
V5 growth stage consisting of topramezone: [3-(4,5-dihyrdo-isoxazolyl)-2-methyl-4-
(methylsulfonyl) phenyl](5-hydroxy-1-methyl-1H-pyrazol-4-yl)methanone known as Armezon 
(BASF, Ludwigshafen, Germany) at 0.75 ounces/acre, AAtrex at a rate of 32 ounces/acre, sodium  
salt of diflufenzopyr: 2-(1-[([3,5-difluorophenylamino]carbonyl)-hydrazono]ethyl)-3-
pyridinecarboxylic acid, sodium salt, sodium salt of dicamba: 3,6-dichloro-2-methoxybenzoic acid, 
sodium salt also known as Status (BASF, Ludwigshafen, Germany) at 4 ounces/acre,  RoundUp 
PowerMax  at 32 ounces/acre, and ammonium sulfate (AMS; 21-0-0-24S) at a rate of 0.2 
gallon/acre.  
 In both 2018 and 2019, all plots received an in-furrow soil insecticide application of Force 
3G (Syngenta, Basel, Switzerland) at a rate of 4 ounces/acre. 
Agronomic Management 
 Soybean was the previous crop and conventional tillage was used in both seasons. A corn 
hybrid responsive to management was grown at planting population of 36,000 plants/acre, Dekalb 
62-52SSRIB with 112-day relative maturity. This hybrid was sown with a precision plot planter, 
SeedPro 360 (ALMACO, Nevada, IA) on 7 May 2018 and 1 June 2019. 
Treatments 
 The treatments were designed to test the best application timing of Hydra-Hume and 
determine the best placement of side-dress N with or without Hydra-Hume. Overall, two N fertilizer 
strategies were used, either all applied at preplant, or as a 50:50 split application between preplant 
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and the six-leaf plant growth stage (V6), with all fertilized treatments totaling 160 pounds N/acre. 
Urea was used at preplant and broadcast-applied using a fertilizer spreader on 7 May 2018 and 1 
June 2019 and incorporated into the soil. The V6 side-dress applications used UAN, which was 
applied either one of two ways: injected down the center of the row (2018 and 2019) or Y-dropped, 
placing the UAN at the base of the plant (2019) with a liquid fertilizer toolbar on 4 June 2018 and 
3 July 2019. Hydra-Hume (HH) was applied at 10 pounds HH/60 pounds N pre-plant and/or with 
the side-dress application at 1 gallon HH/60 pounds of N. All fertilized treatments were compared 
to a control treatment that was both unfertilized and received no Hydra-Hume. 
Measured Parameters 
Plant stands from the center two rows were tallied just prior to harvest to determine the final 
population. The center two rows were harvested after physiological maturity and evaluated for grain 
yield and harvest moisture. Yield was standardized to 15.5% moisture. Grain sub-samples were 
analyzed for yield components: kernel number and average kernel weight; and for grain quality: the 
concentration of oil, protein, and starch using NIT. Of the subsample, 300 random kernels were 
selected, weighed, and converted to 0% moisture to estimate kernel weight. Kernel number per unit 
area was estimated from the total plot grain weight, individual kernel weight, and plot area. Grain 
weight and quality values are presented at 0% moisture. Nitrogen concentration in the grain was 
calculated by converting protein concentration in the grain, obtained using NIT spectroscopy, to N 
concentration by dividing by a factor of 6.25 (Jones, 1941). 
Experimental Design and Statistical Analysis 
 Treatments were arranged in a randomized complete block design with six replications and 
six treatments for a total of 36 plots in 2018 and 11 treatments for a total of 66 plots in 2019. 
Statistical analysis was conducted use PROC MIXED in SAS (version 9.4; SAS Institute, Cary, 
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NC). Treatment was included as a fixed effect, while replication was considered a random effect. 
Treatments consistent between both years were analyzed together and all treatments from 2019 
were analyzed together. Main effects for side-dress placement and preplant applications were 
unable to be determined because of an unbalanced design. PROC GLM of SAS was used to conduct 
the Brown-Forsythe test of the Levene test for homogeneity of variance of errors. PROC 
UNIVARIATE of SAS was used to determine possible outliers and assess the normality of the 
errors. 
 
RESULTS AND DISCUSSION 
Weather 
 The 2018 growing season experienced below-average temperatures in April delaying 
planting until May, however the crop experienced above-average temperatures the remainder of the 
season (Table 2.2) which promoted rapid emergence and vegetative growth. April, May, and July 
received below average precipitation, while above-average precipitation occurred in June and 
September (Table 2.2). 
The 2019 growing season experienced above-average amounts of precipitation in April and 
May delaying planting until the beginning of June. However, in June, July, and August leading up 
to and during pollination, plots were very dry, while abundant rains returned in September (Table 
2.2).  Overall, in June, July, and August, plants experienced average temperatures, while September 
was warm, promoting a strong finish to the growing season. 
Grain Yield 
 All measured parameters, except grain oil concentration, were significantly affected by the 
treatments (Table 2.3 and A.9-2018 only), and all treatments significantly increased grain yield 
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over the unfertilized control yield of 127 bushels/acre (Table 2.4). The average yields were greater 
in 2018 than 2019 (Tables 2.4, 2.5, and A.10-2018 only), largely due to late planting and wet 
conditions early in the 2019 growing season. The split application of N tended to yield more 
(average of 5 bushels/acre) than when all the N was applied preplant, consistent with another study 
(Adhikari, Baral, & Shrestha, 2016), and the addition of Hydra-Hume with the preplant N (either 
when all was applied preplant or when half was applied preplant) did not increase yield (Table 2.4). 
Conversely, supplementing the V6 side-dress N with Hydra-Hume tended to increase yield (average 
of 11 bushels/acre over the side-dress without Hydra-Hume), but the yield increase from side-dress 
N with Hydra-Hume was only 2 bushels/acre when both preplant and the side-dress N contained 
Hydra-Hume (Table 2.4). Similar findings were documented with other studies where humic acid 
and N were applied together (Sarir et al., 2005; Azeem et al., 2014; Mohammadpourkhaneghah, 
Shahryari, Alaei, & Shahmoradmoghanlou, 2012). Compared to the entire N fertilization provided 
at preplant, split-applying the N and adding Hydra-Hume with the side-dress significantly increased 
yield by 16 bushels/acre (Table 2.4). Therefore, split applications of N were beneficial for crop 
yield, and Hydra-Hume was more effective when combined with a V6 side-dress application.  
 To follow up on the positive impact of including Hydra-Hume with the V6 side-dress N 
applications in 2018 (Table A.10), a placement factor was added to the 2019 trial to compare Y-
drop versus coultering the side-dress N. Even though 2019 was a challenging year weather-wise, 
an average yield of 195 bushels/acre was obtained across all treatments. All of the measured 
parameters, except grain oil and starch concentrations, were significantly affected by the treatments 
(Table 2.6), with all fertilized treatments significantly increasing grain yield over the unfertilized 
control yield of 103 bushels/acre (Table 2.5). In general, yields were unaffected by N fertilizer 
application timing and combining Hydra-Hume with all-preplant N did not increase yield, similar 
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to a previous report (Bernhard & Below, 2016). However, adding Hydra-Hume to the coultered V6 
side-dress N resulted in the largest yield increase of 15 bushels/acre (Table 2.5). Conversely, when 
both preplant and side-dress N contained Hydra-Hume or when just the preplant N contained 
Hydra-Hume there was no yield increase. Split-applying N and Y-dropping the side-dress N (with 
or without Hydra-Hume) had no effect on yield, but combining Hydra-Hume with both the preplant 
and Y-drop V6 side-dress N slightly increased yield (Table 2.5). The little to no increase with Y-
drop applications is likely due to below average precipitation in June and July (Table 2.2), causing 
a greater rooting depth, limiting N uptake and response to a surface applied N application. 
Furthermore, a large rain event, hours after the side-dress application may have caused N runoff. 
Hence, split applications of N were beneficial for yields when coultering side-dress N and also 
when including Hydra-Hume with the side-dress application. This benefit likely stems from placing 
the N closer to the roots and preventing N loss.   
Yield Components, Quality, and Uptake 
 Split-applying N tended to increase kernel number and grain protein concentration, 
especially in combination with Hydra-Hume at V6, but had little effect on kernel weight, similar to 
a previous study (Tables 2.4, 2.5, 2.7, A.10 and A.11) (Azeem et al., 2014). Kernel number often 
exhibits a larger response to progressing levels of agronomic management than does kernel weight 
(Boomsma, Santini, Tollenaar, & Vyn, 2009; Sadras & Slafer, 2012). The addition of humic acids 
to N fertilizer has been shown to increase N uptake and fertilizer use efficiency (Sharif et al., 2002; 
Sarir et al., 2005; Ming et al., 2018). Applying Hydra-Hume with the side-dress N resulted in the 
grain accumulating 10 more pounds N/acre versus the split applications with no Hydra-Hume, and 
17 more pounds N/acre compared to the all pre-plant N without Hydra-Hume (Table 2.7). When 
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Hydra-Hume was applied at pre-plant with either all or the split applications of N, grain protein 
concentration also tended to increase (Table 2.7). 
Similar results were obtained in the 2019 trial compared to the consistent treatments 
between both years. Coultering side-dress N tended to increase kernel number, especially when 
Hydra-Hume was included at V6 (Table 2.5). When side-dressing via Y-drop, kernel weights were 
especially increased with Hydra-Hume preplant applications, similar to another study (Bernhard & 
Below, 2016). Alternatively, Hydra-Hume included with the V6 coultered side-dress tended to 
increase kernel weight, suggesting that additional N uptake promoted greater photosynthesis. The 
increase in kernel number and kernel weight are consistent with another study that also obtained 
increases in kernel number and kernel weight from the addition of humic acids (Sarir et al., 2005). 
When Hydra-Hume was applied at pre-plant or side-dress with the coultered split application of N, 
grain protein concentration also tended to increase (Table 2.7). Applying Hydra-Hume with the 
coultered side-dress N resulted in the grain accumulating 13 more pounds N/acre versus the split 
application with no Hydra-Hume, and 17 more pounds N/acre compared to the all pre-plant N 
without Hydra-Hume (Table 2.8). These results indicate that Hydra-Hume makes N more available 
to the plant and increases the NUE (Sharif et al., 2002; Sarir et al., 2005; Ming et al., 2018). 
 
CONCLUSIONS 
 The results from the Hydra-Hume study point to the positive influence that Hydra-Hume 
applications can have on corn production. Hydra-Hume leads to the greatest yield increases when 
applied with V6 side-dress N coultered down the center of the row. This yield boost stems from 
the Hydra-Hume increasing the efficiency of N applications by improving the availability of N to 
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the plant, resulting in more and heavier kernels. Overall, this trial showed that coultering side-




TABLES AND FIGURES 
Table 2.1 Average preplant soil properties and Mehlich 3-extraction-based mineral test results for 
the Helena corn site at Champaign, IL in 2018 and 2019. 
Year OM† CEC pH P K Ca Mg S Zn Mn Fe Cu B 
 % meq/100g units ---------------------------------------------------------------------------------- -   ppm ---------------------------------------------------------------------------------- 
     
2018 3.6 18.4 6.2 33 132 2429 416 6 0.9 28 112 1.6 0.4 
2019 3.7 23.1 6.0 47 144 2897 560 9 1.4 17 137 2.7 0.5 
† Organic Matter 
 
 
Table 2.2 Monthly weather data between 1 April and 31 October at and Champaign, IL in 2018 
and 2019. Values presented are the average daily air temperature and the average monthly 
accumulated rainfall, with deviations from the 30-year average in parentheses (Illinois State Water 
Survey, 2020). 
Year April May June July August September October 
 Temperature, OF 
2018 46 (-6) 72 (9) 75 (3) 75 (0) 75 (2) 71 (5) 54 (-1) 
2019 53  (1) 64 (1) 72(-1) 77 (2) 74 (0) 72 (5) 54 (-1) 
 Precipitation, Inches 
2018 2.5 (-1.1)  4.2 (-0.7) 7.3 (3.0) 3.2 (-1.5) 4.0 (0.1) 4.7 (1.6) 2.2(-1.0) 





Table 2.3 Test of fixed effects on yield, yield components (kernel number and kernel weight), grain 
quality (oil, protein, and starch concentrations), and grain N accumulation at Champaign, IL in 2018 



















Oil Protein Starch  Grain 
 ---------------------------------------------------------------------------- -             P > F  --------------------------------------------------------------------------------------------------- 
Treatment .0001 .0134 .0396  .2664 .0025 .0367  .0001 
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Table 2.4 Corn grain yield and yield components (kernel number and kernel weight) as 
influenced by treatment at Champaign, IL in 2018 and 2019. Yield is presented at 15.5% 




















 N Application Time 
 Unfertilized All Preplant Split (V6) N 
  Hydra-Hume  Hydra-Hume 
N Method  None Preplant None Preplant V6 Both 
 Yield, bushels/acre 
All-Preplant 127 221 216     
Split- Coulter    226 222 237 228 
LSD (P ≤ 0.10)=11        
        
 Kernel Number, seeds/m2 
All-Preplant 3464 4899 4768     
Split- Coulter    5121 4991 5273 5051 
LSD (P ≤ 0.10)=591        
        
 Kernel Weight, mg/seed 
All-Preplant 197 238 238     
Split- Coulter    235 236 239 239 
LSD (P ≤ 0.10)=18        
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Table 2.5 Corn grain yield and yield components (kernel number and kernel weight as 
influenced by treatment at Champaign, IL in 2019. Yield is presented at 15.5% moisture while 
kernel weight at 0% moisture.  
 
Table 2.6 Test of fixed effects on yield, yield components (kernel number and kernel weight), grain 







 N Application Time 
 Unfertilized All Preplant Split (V6) N 
  Hydra-Hume Hydra-Hume 
N Method  None Preplant None Preplant V6 Both 
 Yield, bushels/acre 
All-Preplant 103 203 183     
Split- Coulter    208 200 223 208 
Split- Y-drop    204 202 205 207 
LSD (P ≤ 0.10)=19        
        
 Kernel Number, seeds/m2 
All-Preplant 2997 4738 4374     
Split- Coulter    5222 5045 5319 4960 
Split- Y-drop    4958 4716 4977 4845 
LSD (P ≤ 0.10)=400        
        
 Kernel Weight, mg/seed 
All-Preplant 187 227 220     
Split- Coulter    210 210 223 222 
Split- Y-drop    215 226 219 228 













Oil Protein Starch  Grain 
 ---------------------------------------------------------------------------- -             P > F  --------------------------------------------------------------------------------------------------- 
Treatment .0001 .0001 .0115  .7306 .0155 .8024  .0001 
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Table 2.7 Corn grain quality (oil, protein, and starch concentrations), and grain N accumulation 
as influenced by treatment at Champaign, IL in 2018 and 2019. Grain quality is presented at 






 N Application Time 
 Unfertilized All Preplant Split (V6) N 
  Hydra-Hume Hydra-Hume 
N Method  None Preplant None Preplant V6 Both 
 Oil, % 
All-Preplant 4.66 4.58 4.63     
Split- Coulter    4.53 4.65 4.56 4.62 
LSD (P ≤ 0.10)=NS†        
        
 Protein, % 
All-Preplant 6.00 6.98 7.21     
Split- Coulter    7.23 7.33 7.48 7.32 
LSD (P ≤ 0.10)=0.28        
        
 Starch, % 
All-Preplant 73.37 72.73 72.66     
Split- Coulter    72.74 72.60 72.43 72.48 
LSD (P ≤ 0.10)=0.34        
        
 Grain N Accumulation, pounds N/acre 
All-Preplant 56 118 119     
Split- Coulter    125 124 135 128 
LSD (P ≤ 0.10)=5        
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Table 2.8 Corn grain quality (oil, protein, and starch concentrations), and grain N accumulation 
as influenced by treatment at Champaign, IL in 2019. Quality is presented at 0% moisture and 








 N Application Time 
 Unfertilized All Preplant Split (V6) N 
  Hydra-Hume Hydra-Hume 
N Method  None Preplant None Preplant V6 Both 
 Oil, % 
All-Preplant 4.72 4.65 4.75     
Split- Coulter    4.66 4.82 4.66 4.79 
Split- Y-drop    4.73 4.74 4.67 4.47 
LSD (P ≤ 0.10)=NS†        
        
 Protein, % 
All-Preplant 6.18 6.98 6.95     
Split- Coulter    7.02 7.17 7.37 7.17 
Split- Y-drop    7.33 7.23 7.32 7.12 
LSD (P ≤ 0.10)=0.49        
        
 Starch, % 
All-Preplant 73.10 72.63 72.95     
Split- Coulter    72.78 72.76 72.62 72.80 
Split- Y-drop    72.67 72.73 72.85 72.45 
LSD (P ≤ 0.10)=NS†        
        
 Grain N Accumulation, pounds N/acre 
All-Preplant 45 108 98     
Split- Coulter    112 110 125 115 
Split- Y-drop    116 114 115 112 
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APPENDIX A. SUPPLEMENTAL TABLES 
Table A.1 Croplan 5290DGVT2P grain yield, yield components (kernel number and kernel 
weight), grain quality (oil, protein, and starch concentrations), and grain N accumulation as 
influenced by preplant N rate and water management treatment at Champaign, IL in 2018. Yield 
is expressed at 15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. 
Grain N accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 48 1610 188  4.5 4.7 73.1  28 
50 65 2234 175  4.7 5.5 72.5  40 
100 81 2563 184  4.7 5.5 71.8  47 
150 104 2934 199  4.4 5.5 72.4  56 
200 155 3641 228  4.0 5.7 72.6  81 
          
Irrigated 
0 48 1667 170  4.6 4.9 72.6  24 
50 74 2340 177  4.5 4.9 72.8  33 
100 99 2856 188  4.3 5.0 72.9  43 
150 122 3284 200  4.0 5.0 73.3  52 
200 145 3689 212  4.0 5.2 73.2  63 
          
Fertigated 
0 138 3010 244  4.2 5.7 72.4  67 
50 168 3715 253  4.1 5.9 72.4  85 
100 200 3978 265  3.7 5.9 73.1  98 
150 208 3976 275  3.8 6.2 72.9  106 
200 228 3839 288  3.8 6.9 72.4  118 










Table A.2 Croplan 5887VT2P grain yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation as influenced by 
preplant N rate and water management treatment at Champaign, IL in 2018. Yield is expressed at 
15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. Grain N 
accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 36 1308 183  4.5 5.5 72.3  28 
50 76 2159 202  4.0 5.1 73.3  41 
100 105 2778 209  3.9 5.2 73.7  54 
150 99 2759 201  4.1 5.3 73.4  52 
200 155 3594 231  3.5 5.5 74.1  78 
          
Irrigated 
0 40 1346 178  4.3 5.1 73.3  21 
50 77 2278 189  4.1 5.0 73.4  35 
100 96 2706 194  4.1 4.9 73.5  42 
150 127 3339 205  4.1 5.3 73.2  56 
200 142 3479 219  4.1 5.4 73.0  65 
          
Fertigated 
0 136 2965 244  4.3 5.8 72.7  67 
50 178 3612 260  4.2 6.3 2.5  92 
100 192 3837 263  4.1 6.3 72.6  100 
150 205 4036 267  4.0 6.6 72.7  110 
200 213 4089 274  4.0 7.0 72.6  122 












Table A.3 Croplan 6110SS grain yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation as influenced by 
preplant N rate and water management treatment at Champaign, IL in 2018. Yield is expressed at 
15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. Grain N 
accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 47 1737 173  4.4 4.3 73.1  25 
50 59 2234 163  4.3 4.3 73.5  29 
100 79 2605 178  4.9 4.8 72.1  40 
150 134 3450 211  4.6 4.8 72.7  60 
200 123 3348 203  4.4 4.9 72.8  57 
          
Irrigated 
0 43 1665 158  4.8 4.4 72.7  20 
50 71 2478 164  4.7 4.5 72.7  30 
100 97 3049 176  4.7 4.5 72.8  38 
150 121 3467 191  4.7 4.8 72.3  50 
200 143 3750 205  4.4 4.8 72.6  58 
          
Fertigated 
0 133 3257 219  4.2 5.0 72.8  55 
50 175 3586 235  4.2 5.2 72.9  69 
100 200 4154 255  4.2 5.7 72.6  93 
150 215 4213 269  4.2 5.9 72.2  104 
200 222 4387 267  3.9 5.8 72.9  105 















Table A.4 Croplan 7927VT2P grain yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation as influenced by 
preplant N rate and water management treatment at Champaign, IL in 2019. Yield is expressed at 
15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. Grain N 
accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 30 993 203  3.9 5.0 73.5  23 
50 54 1806 183  3.6 5.1 73.8  33 
100 96 2551 210  3.8 5.5 73.1  53 
150 125 3087 220  3.6 5.1 74.0  60 
200 142 3121 242  3.9 5.8 72.7  76 
          
Irrigated 
0 40 1244 193  4.0 5.2 73.3  22 
50 64 1875 193  3.8 5.0 73.5  30 
100 88 2401 202  3.8 5.0 73.5  39 
150 108 2796 209  3.7 5.2 73.7  48 
200 129 3144 220  3.8 5.3 73.2  58 
          
Fertigated 
0 117 2416 257  4.0 6.2 72.4  63 
50 138 2919 175  3.9 6.2 72.6  78 
100 190 3460 288  3.5 6.4 73.1  100 
150 202 3586 295  3.6 6.6 73.0  109 
200 230 4051 298  3.9 6.9 72.3  128 












Table A.5 Croplan 5290DGVT2P grain yield, yield components (kernel number and kernel 
weight), grain quality (oil, protein, and starch concentrations), and grain N accumulation as 
influenced by preplant N rate and water management treatment at Champaign, IL in 2019. Yield 
is expressed at 15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. 
Grain N accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 71 2137 170  4.3 5.0 74.2  27 
50 96 2752 181  4.3 5.3 74.1  38 
100 134 3355 206  4.0 5.7 74.3  57 
150 147 3674 207  4.0 5.9 74.2  67 
200 166 3716 230  4.1 6.5 73.8  81 
          
Irrigated 
0 72 2146 169  4.4 4.8 74.1  26 
50 93 2721 176  4.3 5.2 74.1  37 
100 127 3497 186  4.0 5.3 74.5  51 
150 144 3666 200  4.0 5.4 74.3  60 
200 174 3959 225  4.1 6.0 73.9  80 
          
Fertigated 
0 214 4076 270  4.0 7.1 73.4  108 
50 223 4184 275  4.3 7.5 72.6  127 
100 237 4437 276  4.1 7.6 73.0  136 
150 231 4471 266  4.1 7.7 72.9  133 
200 240 4368 283  4.1 7.8 73.0  142 












Table A.6 Croplan 5887VT2P grain yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation as influenced by 
preplant N rate and water management treatment at Champaign, IL in 2019. Yield is expressed at 
15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. Grain N 
accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 73 2088 177  4.0 5.3 74.7  29 
50 105 2908 186  4.1 5.5 74.6  44 
100 136 3603 196  4.0 6.0 74.5  62 
150 154 3885 205  4.1 6.4 74.1  75 
200 159 4007 204  4.2 7.0 73.6  83 
          
Irrigated 
0 66 2007 168  3.9 5.2 74.5  26 
50 102 2938 178  3.8 5.4 74.9  41 
100 136 3720 188  3.8 5.5 74.8  57 
150 158 4175 193  4.0 5.8 74.4  71 
200 180 4320 215  3.9 6.2 74.1  86 
          
Fertigated 
0 215 4157 267  4.2 7.6 73.1  125 
50 212 4266 256  4.2 7.6 73.3  124 
100 229 4647 255  4.2 7.8 73.0  135 
150 231 4647 255  3.9 7.8 73.4  136 
200 229 4464 264  4.1 7.9 73.3  136 
















Table A.7 Croplan 6110SS grain yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation as influenced by 
preplant N rate and water management treatment at Champaign, IL in 2019. Yield is expressed at 
15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. Grain N 
accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 71 2255 158  4.5 4.7 73.9  26 
50 113 3297 176  4.4 4.8 74.0  41 
100 144 3897 190  4.3 5.0 74.2  54 
150 156 4148 193  4.3 5.4 73.7  64 
200 171 4373 202  4.3 5.8 73.6  75 
          
Irrigated 
0 70 2208 163  4.4 4.6 73.9  24 
50 100 3104 167  4.5 5.0 73.5  38 
100 143 4020 182  4.4 5.0 73.7  55 
150 155 4182 190  4.3 5.0 74.0  59 
200 187 4637 208  4.2 5.4 74.1  76 
          
Fertigated 
0 205 4057 260  4.3 6.5 73.1  100 
50 227 4827 244  4.2 6.6 73.5  113 
100 236 5019 244  4.1 6.5 73.8  116 
150 234 4854 247  4.1 6.6 73.6  116 
200 232 4856 247  4.1 6.6 73.8  116 















Table A.8 Croplan 7927VT2P grain yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation as influenced by 
preplant N rate and water management treatment at Champaign, IL in 2019. Yield is expressed at 
15.5% moisture while kernel weight and grain quality are expressed at 0% moisture. Grain N 
accumulation was calculated from protein concentration and dry weight of the grain. 
 












 Oil Protein Starch 
 
Grain 
 bu/acre seeds/m2 mg/seed  ---------------------------------- % -----------------------------------  lbs/acre 
Rainfed 
0 65 1775 187  4.4 5.5 73.5  27 
50 95 2560 190  4.0 5.6 74.0  40 
100 135 3338 209  4.0 6.0 74.1  61 
150 138 3411 209  3.9 6.2 74.2  65 
200 157 3600 226  4.0 6.7 73.8  80 
          
Irrigated 
0 62 1712 190  4.3 5.4 73.7  25 
50 88 2563 177  4.0 5.3 74.1  35 
100 123 3278 192  3.9 5.4 74.4  50 
150 138 3519 200  3.9 5.8 74.2  61 
200 189 4249 232  4.0 6.2 73.7  90 
          
Fertigated 
0 201 3881 268  4.4 7.6 72.7  116 
50 221 4138 275  4.2 7.6 72.9  128 
100 232 4320 276  4.1 7.9 72.7  138 
150 224 4506 256  4.2 7.9 72.4  136 
200 240 4545 271  4.1 8.2 72.8  148 













Table A.9 Test of fixed effects on yield, yield components (kernel number and kernel weight), 
grain quality (oil, protein, and starch concentrations), and grain N accumulation at Champaign, IL 





Table A.10 Corn grain yield and yield components (kernel number and kernel weight) as 
influenced by treatment at Champaign, IL in 2018. Yield is presented at 15.5% moisture 






















Oil Protein Starch  Grain 
 ---------------------------------------------------------------------------- -             P > F  --------------------------------------------------------------------------------------------------- 
Treatment 0.0001 0.0001 0.0001  0.8959 0.0001 0.0179  0.0001 
 N Application Time 
 Unfertilized All Preplant Split (V6) N 
  Hydra-Hume Hydra-Hume 
N Method  None Preplant None Preplant V6 Both 
 Yield, bushels/acre 
All-Preplant 152 238 239     
Split- Coulter    244 244 250 247 
LSD (P ≤ 0.10)=9        
        
 Kernel Number, seeds/m2 
All-Preplant 3960 5060 5105     
Split- Coulter    5021 4953 5227 5141 
LSD (P ≤ 0.10)=245        
        
 Kernel Weight, mg/seed 
All-Preplant 205 250 249     
Split- Coulter    259 262 255 256 
LSD (P ≤ 0.10)=12        
61 
 
Table A.11 Corn grain quality (oil, protein, and starch concentrations), and grain N 
accumulation as influenced by treatment at Champaign, IL in 2018. Grain quality is presented 
at 0% moisture. Nitrogen accumulation in the grain was calculated from protein concentration 
and yield. 






 N Application Time 
 Unfertilized All Preplant Split (V6) N 
  Hydra-Hume Hydra-Hume 
N Method  None Preplant None Preplant V6 Both 
 Oil, % 
All-Preplant 4.55 4.50 4.51     
Split- Coulter    4.40 4.43 4.45 4.44 
LSD (P ≤ 0.10)=NS†        
        
 Protein, % 
All-Preplant 5.89 6.98 7.26     
Split- Coulter    7.45 7.47 7.60 7.46 
LSD (P ≤ 0.10)=0.21        
        
 Starch, % 
All-Preplant 73.50 72.83 72.51     
Split- Coulter    72.70 72.47 72.23 72.50 
LSD (P ≤ 0.10)=0.50        
        
 Grain N Accumulation, pounds N/acre 
All-Preplant 66 127 132     
Split- Coulter    138 132 144 140 
LSD (P ≤ 0.10)=7        
